AD-A247  822 


CONTRACT  NO.:  DAMD17-89-C-9060 


TITLE:  RESHAPED  HUMAN  MONOCLONAL  ANTIBODIES  FOR  THERAPY  AND 

PASSIVE  IMMUNIZATION 


PRINCIPAL  INVESTIGATOR:  W.  J.  HARRIS 


PI  ADDRESS:  Scotgen  Limited 

University  of  Aberdeen 
2  Tillydrone  Avenue 
Aberdeen  AB9  2TN 
Scotland,  UK 


REPORT  DATE:  NOVEMBER  1,  1991 


TYPE  OF  REPORT:  FINAL 


PREPARED  FOR:  U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
FORT  DETRICK 

FREDERICK,  MARYLAND  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  public  release: 

distribution  unlimited 


The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position  unless  so  designated  by 
other  authorized  documents. 


REPORT  DOCUMENTATION  PA^E 


Form  Approved 
OMB  No.  0704  0188 


Pub*  importing  bunS**  for  thn  coUcclton  of  information  i*  ««im*wg  to  a v«r*ge '  nour  on'  r«pons*.  including  the  time  tor  »ev*w»ng  imtructiom.  se»rehir>g  existing  data  source*. 
<u thermo  and  mainta>ninq  the  data  needed,  and  completing  and  reviewing  the  colleaion  of  information  Send  comment*  regarding  thn  burden  ntimate  or  any  other  a*oect  of  thn 
roHectron  of  information,  including  suggesfiom  tor  reducing  thi*  burden  to  Wathmgton  Headquarter*  Service*.  Directorate  tor  information  Operation*  and  fteport*.  1215  feffenon 
Own  Highway  Wte  1204.  Arlington,  va  22202-4M2.  and  to  the  Office  of  Management  and  Budget.  Paperwork  deduction  Protect  (0?04-0'*»>.  Washington.  OC  MSOJ. 


Z.  REPORT  OATi  I  3.  REPORT  TYPE  ANO  OATES  COVERED 

November  1,  1991  |  Final  July  31,  1989  -  July  30,  1991 


1.  AGENCY  USE  ONLY  (Ltavt  blink) 


4.  TITLE  ANO  SUBTITLE 

Reshaped  Human  Monoclonal  Antibodies  for  Therapy  and 
Passive  Immunization 


S.  AUTHOR(S) 

W.  J.  Harris,  Anita  A.  Hamilton,  Philip  R.  Tempest, 
Marie  L.  Fernie,  Susan  I.  King,  Patricia  Bremner  and 
Frank  J.  Carr  _ 


7.  PERFORMING  ORGANIZATION  NAME(S)  ANO  ADDRESSES) 

Scotgen  Limited 
2  Tillydrone  Avenue 
Aberdeen  AB9  2TN 
Scotland,  UK 


FUNDING  NUMBERS 

DAMD17-89-C-9060 

61102A 

3M161 102BS12  AA 
DA318658 


PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  ANO  ADDRESSES) 

U.S.  Army  Medical  Research  &  Development  Command 
Fort  Detrick 

Frederick,  Maryland  21702-5012 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


17*.  DISTRIBUTION /AVAILABILITY  STATEMENT 


IZb.  DISTRIBUTION  CODE 


Approved  for  public  release;  distribution  unlimited 


U.  ABSTRACT  (Maximum  200  words) 

The  purpose  of  the  project  is  to  apply  reshaping  technology  for  the  humanization 
of  monoclonal  antibodies  specific  for  junin  and  vaccinia  viruses.  The  cloning  of 
immunoglobulin  variable  region  heavy  (VH)  and  light  (VK)  chain  genes  was  achieved 
by  synthesis  and  amplification  of  complementary  DNA  (cDNA)  copied  from  RNA  extracted 
from  the  mouse  hybridoma  cells.  The  CDR  (Complementarity  Determining  Region) 
sequences  were  transplanted  into  human  VH  and  VK  genes.  The  reshaped  VH  and  VK 
genes  were  cloned  into  expression  vectors  with  Human  IgGl  or  kappa  constant  regions 
and  transfected  into  myeloma  cells.  Reshaped  anti-junin  and  reshaped  anti-vaccinia 
antibodies  were  produced  and  tested  for  binding  and  virus  neutralization.  While 
reshaped  anti-junin  antibodies  showed  similar  or  superior  bifiding  to  virus  compared 
to  the  progenitor  mouse  antibody,  the  reshaped  antibodies  appeared  to  be  10-fold 
less  effective  in  virus  neutralization. 

The  reshaped  anti-vaccinia  antibody  showed  10-fold  lower  binding  than  the  progenitor 
mouse  antibody  and  was  similarly  less  effective  in  neutralization.  For  therapy, 
these  deficits  in  reshaped  antibody  binding  and  neutralization  should  be  offset  by 
the  prospective  greater  tolerance  of  man  to  these  antibodies. _ 


1*.  SUBJECT  TERMS  I  «•  NUMBER  OF  PAGES 

Human  antibodies;  Genetic  manipulation;  Passive  Immunization;  | 

Reshaping  technology;  Immunotherapy 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 


Unclassified 


It.  SECURITY  CLASStF.CATION 
OF  ABSTRACT 
Unclassified 


Z0.  LIMITATION  OF  ABSTRACT 
Unlimited 


FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are  those  of  the 
author  and  are  not  necessarily  endorsed  by  the  US  Army. 

Where  copyrighted  material  is  quoted,  permission  has  been  obtained  to 
use  such  material. 

\l/y*  Where  material  from  documents  designated  for  limited  distribution  is 
quoted,  permission  has  been  obtained  to  use  the  material. 

Citations  of  commercial  organizations  and  trade  names  in  this  report 
do  not  constitute  an  official  Department  of  Army  endorsement  or  approval  of 
the  products  or  services  of  these  organizations. 

In  conducting  research  using  animals,  the  invest igator(s)  adhered  to 
the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals,"  prepared  by  the 
Committee  on  Care  and  Use  of  Laboratory  Animals  of  the  Institute  of 
Laboratory  Resources,  National  Research  Council  (NIH  Publication  No.  86-23, 
Revised  i5). 

w*-  For  the  protection  of  human  subjects,  the  investigator( s)  adhered  to 
policies  of  applicable  Federal  Law  45  CFR  46. 


In  conducting  research  utilizing  recombinant  DNA  technology,  the 
investigator(s)  adhered  to  current  guidelines  promulgated  by  the  National 
Institutes  of  Health. 


DATE 


LIST  OF  PERSONNEL 


92 


) 

PROFESSOR  WILLIAM  3  HARRIS 
DR  FRANK  3  CARR 
DR  PHILIP  R  TEMPEST 
DR  ANITA  A  HAMILITON 
MARIE  L  FERNIE 
SUSAN  I  KING 
PATRICIA  BREMNER 


16  069 


92-06787 

■iimm 


i 


CONTENTS 


PAGE 

1.  INTRODUCTION  1 

2.  MATERIALS  AND  METHODS  1 

3.  RESULTS  6 

4.  DISCUSSION  13 

5.  CONCLUSIONS  15 

6.  REFERENCES  17 


RESHAPING  MONOCLONAL  ANTIBODIES 
AGAINST  JUNIN  AND  VACCINIA  VIRUSES 


By  William  3  Harris,  Anita  A  Hamilton,  Philip  R  Tempest,  Marie  L  Fernie, 
Susan  I  King,  Patricia  Bremner  and  Frank  J  Carr 


L _ INTRODUCTION 

This  is  the  final  report  of  the  project  entitled  "The  Provision  of  Human  Monoclonal 
Antibodies  for  Therapy  and  Passive  Immunisation  by  Reshaping  Rodent  Monoclonal 
Antibodies".  Two  mouse  monoclonal  antibody  producing  cell  lines  were  supplied  by 
USAMRIID,  together  with  materials  for  assaying  the  antibodies  produced.  The  first 
was  against  junin,  an  arenavirus,  the  second  against  vaccinia,  an  orthopoxvirus. 
These  mouse  antibodies  have  been  converted  to  human  antibodies  by  the 
application  of  "antibody  reshaping"  technology  pioneered  by  Dr  G  Winter  (1)  to 
which  Scotgen  holds  a  non-exclusive  licence. 

The  advent  of  hybridoma  technology  in  1975  (2)  held  great  promise  for  the  use  of 
monoclonal  antibodies  in  the  diagnosis  and  treatment  of  human  disease,  for 
instance  as  "magic  bullets".  However,  there  are  problems  associated  with 
administering  mouse  antibodies  to  human  subjects.  A  human  anti-mouse  antibody 
response  results  in  unacceptable  anaphylactic  reactions  which  prevent  repeated 
administration,  or  in  very  rapid  clearance  of  the  antibody  from  the  body.  Initially 
it  was  confidently  expected  that  the  technology  could  be  simply  extended  to  make 
human  monoclonals,  but  this  has  proved  not  to  be  the  case.  There  are  difficulties 
in  finding  appropriately  immunised  human  donors  and  suitable  fusion  partners  for 
the  antibody  producing  cells.  In  vitro  immunisation  techniques  have  been  tried,  but 
only  low  affinity  IgM  antibodies  are  generally  produced. 

The  first  advance  in  the  conversion  of  mouse  antibodies  to  human  was  the 
development  of  "chimeric"  antibodies  -  hybrids  with  murine  variable  regions  linked 
to  human  constant  regions  (3).  This  is  further  refined  in  the  Winter  technology 
where  only  the  specific  sequences  which  determine  antigen  binding,  the 
"complementarity  determining  regions"  or  CDRs,  are  taken  from  the  mouse  and 
grafted  onto  human  variable  region  frameworks. 


2s _ MATERIALS  AND  METHODS 

2A _ ggILLlna 

The  mouse  hybridoma  cell  lines  provided  by  USAMRIID  were  Y-GD01-AG02-1 
(YGD)  and  WI-10F5-^-l  (WI)  which  secrete  antibodies  against  junin  and  vaccinia 
viruses  respectively.  Growth  of  cells,  antibody  isotyping  and  RNA  isolation  were 
described  fully  in  the  mid-term  report. 

2.2  Enzymes 

All  restriction  and  modification  enzymes  were  obtained  from  Gibco  BRL  unless 
otherwise  stated  and  were  used  with  appropriate  buffers  according  to  the 
manufacturer's  instructions. 
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2.3  Oligonucleotides 

Oligonucleotides  were  made  on  an  Applied  Biosystems  3S1  DNA  synthesiser  and 
were  generally  used  without  further  purification.  The  primers  for  cDNA  synthesis 
were  as  described  by  Orlandi  et  al  (4). 

VH1  FOR  5'TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG3', 

VH1BACK  5'AGGTSMARCTGCAGSAGTCWGG3\ 

VK1FOR  5'GTT  AGATCTCCAGCTTGGTCCC3', 

VK1BACK  5  'G  AC  ATT  CAGCTG  ACCC  ACT  CT  CCA3' , 

VK2BACK  5'GACRTTCAGCTGACCCAGGMTGMA3', 

VK3BACK  5  'G  ACATT  CAGCTG  ACCC  A3 ' 
where  M  =  C  or  A,  S  =  C  or  G,  and  W  =  A  or  T 

2.4  cDNA  synthesis 

Reactions  consisted  of  10  ug  RNA,  0.4  uM  VH1FOR  or  VK1FOR  primers,  250  uM 
each  of  dATP,  dCTP,  dGTP  and  dTTP,  50  mM  Tris-HCl  pH7.5,  75  mM  KC1,  3.0 
mM  MgClo  and  27  units  of  RNase  inhibitor  (Pharmacia)  in  a  total  volume  of  50  uL. 
The  sampfes  were  heated  to  70°C  for  10  minutes  and  cooled  slowly  to  42°C  over 
30  minutes.  100  units  of  Moloney  murine  leukaemia  virus  reverse  transcriptase 
were  added  and  the  incubation  at  42°C  continued  for  1  hour. 

2J _ Amplification  of  VH  and  VK  PNA  by  PCR 

For  amplification  of  VH  DNA  the  reactions  consisted  of  10  uL  of  VH  cDNA/RNA 
hybrid,  0.5  uM  VH1FOR  and  VH1BACK  primers,  200  uM  of  each  of  dATP,  dCTP, 
dTTP  and  dGTP,  10  mM  Tris-HCl  pH8.3,  50  mM  KC1,  1.5  mM  MgCU,  0.01%  (w/v) 
gelatin,  0.01%  (v/v)  Tween  20,  0.01%  (v/v)  NP40  and  1  unit  of  Taq  DtTA  polymerase 
(Cetus).  For  amplification  of  VK  DNA  the  VK  cDNA/RNA  hybrid  and  primers 
VK1FOR  and  either  VK1BACK  or  VK2BACK  or  VK3BACK  are  substituted.  The 
samples  were  subjected  to  25  thermal  cycles  of  94°C,  1  minute;  50°C,  1  minute; 
72°C,  2  minutes;  finishing  with  5  minutes  at  72°C. 

2A _ Cloning  and  sequencing  VH  and  VK  DNA 

Amplified  VH  DNA  was  purified  from  1.5%  low  melting  point  agarose  gels  by 
Elutip-d  column  chromatography  (Schleicher  and  Schuell)  and  digested  with  PstI 
and  BstEll.  The  BstEll  site  was  made  blunt-ended  by  filling  in  with  Klenow 
fragment  of  DNA  polymerase  I  and  the  DNA  cloned  into  M13mpl8  and  M13mpl9 
cut  with  Pstl  and  Smal.  The  amplified  VK  DNA  was  purified  in  the  same  way,  cut 
with  Pvull  and  Bglll  and  cloned  into  M13mpl8  and  M13mpl9.  DNA  from  the  clones 
was  sequenced  by  the  dideoxy  method  (5)  using  Sequenase  (United  States 
Biochemicals). 

21 — IfaUganBflt  of  human  VH  and  VK  genes 

Oligonucleotide  site-directed  mutagenesis  of  the  human  VH  and  VK  genes  was 
based  on  the  method  of  Eckstein  (6).  To  5  ug  of  VH  or  VK  single-stranded  DNA  in 
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Ml  3  (M13VHPCR1  or  M13VKPCR2),  a  two-fold  molar  excess  of  each  of  the  three 
VH  or  VK  phosphorylated  oligonucleotides  encoding  the  3  mouse  CDR 
(complementarity  determining  region)  sequences  was  added.  The  primers  were 
annealed  to  the  template  by  heating  to  70°C  for  a  few  minutes  and  slowly  cooling 
to  37°C.  The  annealed  DNA  was  extended  with  Klenow  fragment  of  DNA 
polymerase  I  in  a  reaction  mixture  containing  T4  DNA  ligase  and  0.5  mM  of  each 
of  dATP,  dGTP,  dTTP  and  2'-deoxycytidine  5'-0-(l-thiotriphosphate)  (thiodCTP, 
Pharmacia)  in  appropriate  buffer.  The  mixture  was  incubated  at  16°C  for  16  hours 
then  the  DNA  was  ethanol  precipitated  and  digested  with  Neil  for  90  minutes. 
This  enzyme  nicks  the  parental  strand,  but  leaves  the  newly-synthesised  strand 
containing  the  thiodCTP  intact.  The  parental  strand  was  removed  by  digestion 
with  exonuclease  III  then  the  DNA  was  repaired  with  DNA  polymerase  I  and  T4 
DNA  ligase.  The  DNA  was  transformed  into  E.  coli  TGl  made  competent  by  the 
method  of  Simanis  (7).  Single  stranded  DNA  was  prepared  from  individual  clones 
and  sequenced.  If  only  single  or  double  mutants  were  found,  these  were  subjected 
to  further  rounds  of  mutagenesis  with  the  appropriate  oligonucleotides  until  the 
triple  CDR  mutants  were  obtained. 

2.8  Mutagenesis  bv  PCR 

For  improved  efficiency  of  mutagenesis  a  modification  involving  PCR  was 
introduced.  The  initial  synthesis  of  the  mutant  strand  was  with  Klenow  fragment 
of  DNA  polymerase  I  and  DNA  ligase  as  described  above  or  with  T7  DNA 
polymerase  (Pharmacia)  and  DNA  ligase  for  I  hour  at  37°C.  An  additional  primer 
at  the  3'  end  of  the  gene  was  included  and  dCTP  was  substituted  for  thiodCTP. 
An  asymmetric  PCR  reaction  was  performed  with  a  single  primer  at  the  5'  end 
to  selectively  copy  the  mutant  strand,  then  the  amplification  continued  with 
primers  at  both  ends  of  the  gene  to  produce  a  double  stranded  DNA.  This  was 
cloned  into  Ml 3  as  a  Hindlll  to  BamHl  fragment  for  sequencing  as  before. 

To  obtain  mutations  at  single  sites,  for  instance  for  the  production  of  "2nd 
generation"  reshaped  constructs,  the  technique  of  mutagenesis  by  overlapping  PCR 
reactions  was  employed  (8). 

2*2 _ "Stfctar  fwt"zdiresied  jautsgcnejj  $ 

"Sticky  feet"-directed  mutagenesis  (9)  is  a  technique  for  precisely  cutting  and 
pasting  two  DNA  sequences  without  using  restriction  enzymes.  The  DNA  fragment 
to  be  transferred  is  amplified  by  PCR  using  tagged  (sticky-foot)  primers,  the  5' 
tags  being  complementary  to  the  desired  points  of  insertion  in  the  vector  and  the 
"forward"  primer  being  phosphorylated.  The  PCR  product  was  purified  from  a  low 
melting  point  gel  as  before.  Single-stranded  template  DNA  (in  Ml 3)  and  the 
primer  were  annealed  in  a  mixture  containing  PCR  buffer,  0.5  mM  dNTPs  and  Taq 
polymerase.  T4  DNA  ligase  and  T7  DNA  polymerase  were  added  in  appropriate 
buffer  and  the  reaction  incubated  at  20°C  for  30  minutes.  Aliquots  were  used  to 
transform  E.  coli  TGI  as  previously  described  and  individual  clones  isolated  and 
sequenced. 

2Jfi — Ennmton  vectors 

The  reshaped  VH  and  VK  genes  were  expressed  in  the  vectors  oSVgpt  and  pSVhvg 
shown  in  figures  1  and  2,  which  were  obtained  from  Dr  G  Winter,  MRC  Laboratory 
of  Molecular  Biology,  Cambridge.  The  reshaped  VH  gene,  together  with  the 
immunoglobulin  heavy  chain  promoter,  appropriate  splice  sites  and  signal  peptide 
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sequences  was  excised  from  Ml  3  by  digestion  with  Hindlll  and  Bam  HI  and  cloned 
into  the  heavy  chain  expression  vector  containing  the  murine  heavy  chain 
immunoglobulin  enhancer,  the  g£t  gene  under  control  of  the  SV40 
promoter/enhancer  for  selection  in  mammalian  cells  and  genes  for  replication  and 
selection  in  E.  coli.  A  human  IgGl  constant  region  was  added  as  a  BamHl 
fragment  and  the  correct  orientation  selected.  The  construction  of  the  light  chain 
vector  was  the  same  except  that  the  gpt  gene  is  replaced  by  the  gene  for 
hygromycin  resistance  (hve)  and  a  human  kappa  constant  region  is  included  in  the 
plasmid. 

2.11  Transfection  into  myeloma  cells 

10  ug  of  the  heavy  chain  expression  vector  DNA  and  20  ug  of  the  light  chain 
expression  vector  DNA  was  cut  with  Pvul  to  linearise  then  precipitated  with 
ethanol  and  redissolved  in  25  uL  of  water.  The  recipient  cell  line  used  was  YB2/0, 
a  non-immunoglobulin  producing  rat  myeloma,  ATCC  No  CRL  1662,  and  is  grown  in 
Dulbecco's  Modified  Eagle's  Medium  (Gibco  BRL  or  Sigma)  supplemented  with  10% 
fetal  calf  serum  and  antibiotics  (DMEM).  Approximately  10'  YB2/0  cells  (one  75 
cnrr  flask  grown  not  quite  to  saturation)  were  removed  from  the  substrate  by 
mechanical  agitation,  harvested  by  centrifugation  and  resuspended  in  0.5  ml  of 
DMEM.  The  digested  DNA  was  added  and  the  cells  transferred  to  a  cuvette  and 
placed  on  ice  for  5  minutes.  A  single  pulse  of  170  volts,  960  ufarads  was 
administered  (Genepulser,  BioRad).  After  a  further  20  minutes  on  ice  the  cells 
were  replaced  in  a  flask  with  20  ml  of  DMEM  and  allowed  to  recover  for  48  hours. 
At  this  time  the  cells  were  distributed  into  a  24-well  plate  in  selective  medium 
(DMEM  with  0.8  ug/mL  mycophenolic  acid  and  250  ug/mL  xanthine).  After  3  to  4 
days  the  medium  was  changed  for  fresh  selective  medium  so  that  dead  cells  were 
removed.  Colonies  of  transfected  cells  were  visible  with  the  naked  eye  10  to  14 
days  later. 

2.12 — Assay  for  human  antibody 

Capture  antibody,  goat  anti-human  IgG,  gamma  chain  specific  (Sera-Lab)  was 
diluted  to  5  ug/mL  in  50  mM  carbonate  buffer  pH9.6  and  used  to  coat  polystyrene 
ELISA  plates  (Dynatech  Immulon  1),  100-200  uL  per  well,  overnight  at  4°C  or  for  a 
few  hours  at  37°C.  The  wells  were  washed  three  times  with  phosphate  buffered 
saline  (PBS)  containing  0.05%  Tween  20  (PBST),  the  last  wash  being  left  in  the 
wells  for  20  minutes.  The  wells  were  filled  with  50-200  uL  of  the  culture  medium 
to  be  screened  and  incubated  for  1  hour  at  37°C.  After  washing  3  times  with 
PBST,  the  reporter  antibody,  peroxidase-conjugated  goat  anti-human  IgG,  gamma 
chain  specific  (Sera-Lab)  or  peroxidase-conjugated  goat  anti-human  kappa  chain 
(Sera-Lab)  was  added  and  the  plate  incubated  for  1  hour  at  room  temperature. 
The  plate  was  washed  3  times  with  PBST  as  before  then  the  colour  was  developed. 
Substrate  buffer  was  prepared  by  mixing  100  mM  citric  acid  and  100  mM  disodium 
hydrogen  phosphate  to  pH5.0.  34mg  of  o-phenylenediamine  was  dissolved  in  100 
mL  of  this  and  10  uL  of  30%  hydrogen  peroxide  added  just  before  use.  200  uL  was 
dispensed  per  well  and  incubated  at  room  temperature  in  the  dark.  The  reaction 
was  stopped  by  addition  of  50  uL  per  well  of  12.5%  (v/v)  sulphuric  acid  and  the 
absorbances  were  read  at  492  nm. 

2.13  AnMjmrin-SUSA 

An  inactivated  junin  virus  preparation  was  provided  by  USAMRIID.  This  was 
diluted  1:100  In  50  mM  carbonate  buffer  pH9.6  and  used  to  coat  polystyrene  ELISA 
plates  (Dynatech  Immulon  1),  200  uL  per  well,  at  4°C  overnight  or  at  37°C  for  1 
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to  2  hours.  After  washing  3  times  with  PBST,  the  primary  (test)  antibodies  were 
applied  using  PBST  as  diluent  and  incubated  at  37°C  for  1  hour.  The  wells  were 
again  washed  with  PBST  then  the  secondary  antibody,  diluted  1:1000  ir.  PBST, 
added  and  the  incubation  continued  for  1  hour.  This  was  peroxidase-conjugated 
goat  anti-mouse  IgG  or  peroxidase-conjugated  goat  anti-human  IgG  or  biotinylated 
goat  anti-mouse  IgG  or  biotinylated  goat  anti-human  IgG  (Sera-Lab).  When 
biotinylated  secondary  antibody  was  used  the  final  detection  reagent  was 
streptavidin  conjugated  to  peroxidase  (Sera-Lab).  The  colour  was  developed  with 
o-phenylenediamine  substrate  as  for  the  ELISA  for  human  antibody  (see  2.12). 

2.14  Antl-vacclnia  ELISA 

A  sucrose  gradient-purified  preparation  of  vaccinia  virus,  inactivated  by  gamma 
irradiation,  was  provided  by  USAMRIID.  This  was  diluted  1:100  or  1:50  in  PBS  and 
used  to  coat  PVC  ELISA  plates  (Dynatech  Microelisa),  at  50  uL  per  well,  for  1  to  2 
hours  at  37°C.  The  wells  were  blocked  for  1  hour  at  37°C  with  3%  bovine  serum 
albumin  (BSA)  in  PBS.  After  washing  twice  with  PBS  containing  0.02%  Tween-20 
(PBST2)  the  primary  (test)  antibody  preparations  were  applied,  diluted  in  2%  BSA  in 
PBS.  Incubation  was  for  1  to  2  hours  at  37°C  then  the  wells  were  washed  4  or  5 
times  with  PBST2  and  the  secondary  antibody  added.  This  was  either  peroxidase- 
conjugated  goat  anti-mouse  IgG  or  peroxidase-conjugated  goat  anti-human  IgG 
(Sera-Lab).  Colour  was  developed  with  o-phenylene  diamine  substrate  as  for  the 
ELISA  for  human  antibody  (see  2.12). 

2-15 _ Immunoblottlng 

10  uL  samples  of  vaccinia  antigen  preparation  were  mixed  with  an  equal  volume  of 
Laemmli  sample  buffer  (10)  and  0.1  volumes  of  1.0  M  iodoacetamide  and  loaded  on 
a  10%  SDS-PAGE  gel.  Rainbow  markers  (Amersham  International)  and  samples  of 
the  antibody  preparations  were  made  up  similarly  and  included  on  the  gel  as 
controls.  The  gel  was  transferred  to  nitrocellulose  at  145  mA  constant  current  for 
1  hour  using  a  Sartoblot  II  apparatus  (Sartorius).  The  efficiency  of  transfer  was 
monitored  by  observation  of  the  Rainbow  markers.  The  filters  were  blocked 
overnight  at  4°C  with  10  mM  Tris-HCl,  0.9%  NaCl  (w/v)  pH7.4  (Tris/saline) 
containing  3%  powdered  milk  (w/v).  The  primary  (test)  antibody  was  added  to  1 
ug/mL  and  incubated  for  1  hour  at  room  temperature.  After  several  washes  with 
Tris/saline  the  secondary  antibody,  biotin-coniugated  goat  anti-human  IgG  or  anti¬ 
mouse  IgG  (Sera-Lab),  diluted  1:1000  in  Tris/saline,  was  added  and  the  incubation 
continued  for  1  hour.  The  filters  were  again  washed  thoroughly  with  Tris/saline 
then  avidin-alkaline  phosphatase  (Sigma),  diluted  1:1000  in  Tris/saline,  was  added 
and  incubated  for  30  minutes.  After  again  washing  with  Tris/saline  the  filters 
were  given  a  final  wash  with  alkaline  phosphatase  substrate  buffer  (100  mM  Tris- 
HCl,  100  mM  NaCl,  5.0  mM  MgCl?,  pH9.5)  then  the  substrate  applied.  40  uL  of  75 
mg/mL  Nitro  blue  tetrazolium  (NbT)  in  70%  N,N'-dimethyiformamide  followed  by 
40  uL  of  50  mg/mL  5-bromo-4-chloro-3-indolyl  phosphate  (BCIP)  in  N,N'- 
dimethylformamide  was  added  to  10  mL  of  substrate  buffer  with  mixing  in 
between.  The  colour  development  was  stopped  by  washing  several  times  with 
water. 

2Ji _ Purification  of  antibody 

For  small  scale  purification,  cells  were  grown  in  150  cm^  flasks  in  selective 
medium.  Conditioned  medium  was  harvested  by  centrifugation.  0.1  volumes  of  1.0 
M  Tris-HCl,  pH8.0  and  0.5  mL  Protein  A-agarose  (Boehringer  Mannheim)  were 
added.  This  was  stirred  overnight  at  room  temperature  then  passed  through  a 
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small  disposable  column.  This  was  washed  with  10  column  volumes  of  100  mM 
Tris-HCl,  pH8.0  and  10  column  volumes  of  10  mM  Tris-HCl,  pH8.0  and  eluted  with 
100  mM  glycine  buffer,  pH3.0.  500  uL  fractions  were  collected  into  microfuge 
tubes  containing  50  uL  1.0  M  Tris-HCl,  pH8.0. 

For  larger  scale  preparations,  cells  were  grown  in  either  roller  bottles  or  a  small- 
scale  fermenter,  generally  in  non-selective  medium.  The  cells  were  removed 
either  by  centrifugation  or  filtration  and  the  conditioned  medium  concentrated  by 
cross-flow  filtration  through  a  100  kD  cut-off  filter  (Sartorius)  or  30  kD  cut-off 
filter  (Flowgen).  The  concentrate  was  passed  through  a  Pro- Sep  A  column 
(Bioprocessing  Ltd)  and  eluted  as  before.  Antibody-containing  fractions  were 
pooled  and  dialysed  against  PBS. 

The  concentration  of  the  antibody  preparations  was  determined  by  measuring  the 
absorbance  at  280  nm,  using  the  formula,  1  OD  unit  =  0.8  mg/mL  (11).  Samples 
were  checked  by  running  on  10%  SDS-polyacrylamide  gels. 

3.  RESULTS 

3.1  ANTI-3UNIN  ANTIBODY 

3.1.1  Status  at  contract  mid-term 

By  the  mid-term  point  the  junin  project  had  progressed  to  the  stage  of  transfecting 
the  first  reshaped  junin  antibody  constructs  into  myeloma  cells.  After  confirming 
that  they  were  secreting  an  antibody  of  the  correct  isotype,  lgG2a,  kappa,  RNA 
was  extracted  from  the  mouse  Y-GD01  hybridoma  cells.  cDNA  was  synthesised 
and  the  Y-GD01  VH  and  VK  gt  nes  amplified  by  PCR  and  cloned  into  M13  for  DNA 
sequencing.  The  VH  and  VK  sequences  fell  into  Rabat  subgroups  11B  and  V 
respectively  (figure  3)  (12).  The  Y-GD01  CDR  sequences  were  transplanted  into 
human  frameworks,  NEWM  for  the  heavy  chain  and  REI  for  the  light  chain,  and  the 
reshaped  VH  and  VK  genes  cloned  into  expression  plasmids.  These  were 
cotransfected  into  YB2/0  cells  and  cell  clones  resistant  to  mycophenolic  acid  were 
obtained.  However,  none  of  these  were  positive  for  production  of  human  antibody. 
The  expression  plasmids  were  therefore  checked  by  restriction  enzyme  digestion 
and  sequencing  of  the  variable  regions,  revealing  that  a  GC  base  pair  in  CDR1  of 
VK  had  been  deleted  during  the  original  site-directed  mutagenesis.  The  resultant 
reading  frame  shift  would  give  a  non-functional  kappa  chain  and,  as  heavy  chains 
alone  are  not  secreted,  prevent  antibody  production.  An  alternative  reshaped  Ml  3 
VK  clone  was  available  and  this  was  comprehensively  sequenced  to  ensure  the 
absence  of  undesirable  mutations  in  the  variable  region. 

3*1,2 — Irw?fc<rtl9n  lnta.  myeloma  cells 

The  construction  of  the  kappa  chain  expression  plasmid  was  repeated  using  the 
alternative  reshaped  Ml 3  clone  described  above  and  the  sequence  was  checked 
again  in  the  final  vector.  Approximately  10'  YB2/0  rat  myeloma  cells  were  co¬ 
transfected  by  electroporation  with  10  ug  linearised  pSVgptHuVHHulgGl  (reshaped 
VH)  and  20  ug  linearised  oSVhvgHuVHHuCK  (reshaped  VK).  After  2  days,  the  cells 
were  distributed  into  24  well  plates  in  medium  containing  mycophenolic  acid  and 
xanthine  to  select  for  the  ggt  gene  carried  on  the  heavy  chain  plasmid.  It  is  not 
necessary  to  perform  a  double  selection  as  it  has  been  found  that  all  mycophenolic 
acid-resistant  clones  have  also  taken  up  the  light  chain  plasmid.  After  a  further 
10  days  mycophenolic  acid  resistant  colonies  were  present  in  all  wells. 
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3.1.3  ELISA  screening  for  reshaped  antibody  production 

Microtitre  plates  coated  with  goat  anti-human  lgG  were  used  to  immobilise  any 
human  antibody  in  the  medium  from  the  wells.  This  was  then  detected,  using 
peroxidase-conjugated  goat  anti-human  IgG  or  peroxidase-conjugated  goat  anti¬ 
human  kappa.  All  24  culture  supernatants  were  positive  for  both  human  IgG  and 
human  kappa. 

3.1.4  Purification  of  reshaped  antibody 


Transfected  clones  giving  the  highest  ELISA  readings  were  expanded  and  the 
culture  medium  pooled.  Antibody  was  purified  by  protein  A  agarose  affinity 
chromatography.  375  ug  of  reshaped  antibody  was  isolated  from  250  ml  of 
medium.  This  represents  a  yield  of  1.5ug/I0”  cells/ml. 


3.1.5  ELISA  of  binding  to  lunin  virus 

The  reshaped  anti-junin  antibody  was  tested  for  binding  to  inactivated  junin  virus. 
A  typical  ELISA  comparing  antigen  binding  of  the  murine  antibody  and  the 
reshaped  antibody  (HuYGD)  is  shown  in  figure  4.  The  binding  appears  more  or  less 
equivalent,  but  an  exact  comparison  is  not  possible  because  different  reporter 
antibodies  (anti-mouse  IgG  or  anti-human  IgG)  are  used. 

3.1.6  Virus  neutralisation  bv  reshaped  antibody 


150  ug  of  the  reshaped  antibody  preparation  was  sent  to  Dr  Alan  Schmaljohn  at 
USAMRI1D.  Experiments  at  USAMR1ID  showed  that  the  reshaped  YGD  antibody 
bound  to  junin  virus-infected  cells  as  measured  by  indirect  immunofluorescence. 
The  reshaped  antibody  also  neutralised  virus  infectivity  in  vitro,  but  was 
approximately  10-foid  less  effective  in  this  assay  than  the  original  murine 
monoclonal  antibody,  presumably  reflecting  a  decrease  in  binding  efficiency  (results 
not  included  in  this  report). 


Construction  of  chimeric  antibody  plasmids 


The  appropriate  control  antibody  for  these  ELISAs  is  the  hybrid  chimeric  antibody 
with  murine  variable  regions  linked  to  human  constant  regions.  The  chimeric  VH 
gene  was  constructed  by  first  removing  the  internal  Pstl  site  from  YGD  MuVH 
(obtained  from  PCR  amplification  of  cDNA)  by  in  situ  mutagenesis,  then  cloning 
YGD  MuVH  into  M13VHPCR1  as  a  Pstl  to  BstEII  fragment. 

The  chimeric  VK  gene  was  constructed  by  cloning  YGD  MuVK  cut  with  PvuII  and 
Belli  into  M13VKPCR1  cut  with  PvuII  and  Bell.  The  latter  restriction  enzyme  site 
has  been  removed  from  the  reshaped  constructs  as  it  causes  the  inclusion  of  an 
abnormal  amino  acid  in  the  antibody  chain. 


The  Hindlll  to  BamHI  fragments  containing  the  VH  and  VK  variable  regions  were 
inserted  into  the  expression  vectors  oSVgot  and  oSVhve  with  appropriate  constant 
regions  as  for  the  reshaped  antibody  genes. 
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Production  of  chimeric  and  "mix  and  match"  antibodies 


To  investigate  whether  the  reduced  affinity  (shown  by  reduced  virus  neutralisation) 
of  the  reshaped  YGD  (HuYGD)  is  due  to  the  reshaped  heavy  or  reshaped  light 
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chain,  both  chimeric  and  hybrid  chimeric/reshaped  antibodies  were  produced.  The 
chimeric  and  reshaped  expression  vectors  were  cotransfected  into  YB2/0  cells  by 
electroporation  in  the  following  combinations:-  MuVH/MuVK,  MuVH/HuVK  and 
HuVH/MuVK.  Cell  clones  resistant  to  mycophenolic  acid  were  assayed  for 
production  of  antibodies  containing  human  constant  regions.  Chimeric  and  hybrid 
chimeric/reshaped  antibodies  were  purified  from  pooled  clones  as  before. 

3.1.9  Construction  of  "2nd  eeneration"  reshaped  VH 

From  previous  experience  in  the  laboratory,  it  was  anticipated  that  the  heavy 
chain  variable  region  was  most  likely  to  be  important  in  determining  affinity.  As 
data  from  USAMR1ID  on  in  vitro  virus  neutralisation  indicated  that  the  affinity  of 
the  reshaped  antibody  was  reduced,  the  construction  of  a  "2nd  generation"  reshaped 
VH  wus  initiated. 

A  comparison  of  the  murine  and  reshaped  VH  and  VK  genes  is  shown  in  figure  5. 
Only  residues  close  to  the  CDRs  are  likely  to  be  important,  except  for  certain 
residues  in  VH  framework  3.  The  residue  at  VH  position  72  (Rabat  residue  71)  has 
been  implicated  in  packing  against  CDR  2  (13)  and  other  framework  3  residues  may 
form  a  4th  CDR  type  loop.  As  most  of  the  residues  close  to  CDRs  are  similar  if 
not  identical  in  both  murine  and  reshaped  VHs,  attention  was  concentrated  on 
framework  3. 

Leu  71  Val  72  were  changed  to  Thr71  Ala  72  by  in  situ  mutagenesis  of  the 
reshaped  VH  gene  and  this  "TA"  VH  cloned  into  the  expression  vector.  This 
HuVHTA  and  the  reshaped  VK  were  cotransfected  into  YB2/0  cells  and 
transfectants  secreting  human  antibody  selected  as  before.  2nd  generation 
HuVHTA-YGD  antibody  was  purified  from  pooled  transfected  clones  as  before.  A 
hybrid  antibody  was  also  produced  by  cotransfecting  the  HuVHTA  plasmid  and  the 
MuVK  (chimeric)  plasmid. 

3.1.10  Analysis  of  binding  of  chimeric,  mix  and  match,  and  2nd  generation 
reshaped  antibodies  by  ELISA 

The  murine,  chimeric,  hybrid  chimeric/reshaped  and  the  "2nd  generation"  reshaped 
antibodies  were  tested  for  binding  to  inactivated  junin  virus.  Figure  6  shows  an 
ELISA  comparing  binding  by  the  chimeric  and  the  first  reshaped  antibody.  In  this 
assay  bound  antibody  was  detected  with  biotinylated  goat  anti-human  IgG,  followed 
by  peroxidase-conjugated  streptavidin.  There  was  little,  if  any,  difference  in 
antigen  binding  by  the  two  antibodies. 

In  a  similar  ELISA  (figure  7)  antigen  binding  by  the  2nd  generation  reshaped 
(HuVHTA-YGD),  the  1st  generation  reshaped  and  the  murine  antibodies  was 
compared.  The  HuVHTA-YGD  antibody  showed  a  clear  increase  in  affinity. 

This  finding  is  confirmed  by  the  results  shown  in  figure  8,  an  ELISA  comparing 
binding  by  two  hybrid  antibodies,  HuVH/MuVK  and  HuVHTA/MuVK,  with  the  1st 
and  2nd  generation  reshaped,  HuVH/HuVK  and  HuVHTA/HuVK,  and  the  original 
murine  antibody.  The  2nd  generation  reshaped  VH,  combined  with  either  the 
reshaped  VK  or  murine  (chimeric)  VK  shows  increased  binding  o.sr  the  1st 
generation  reshaped  or  original  murine  antibodies,  which  are  equivalent  in  this 
assay.  A  small  quantity  of  the  HuVHTA-YGD  antibody  was  sent  to  USAMRJID  for 
testing  in  virus  neutralisation  experiments. 
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3.1.11  Large  scale  preparation  of  reshaped  and  chimeric  antibodies 

Quantities  of  reshaped  HuVHTA-YGD  and  chimeric  anti-junin  antibodies  were 
prepared  for  shipment  to  USAMR1ID.  After  removal  of  cells,  7  litres  of 
conditioned  medium  was  concentrated  by  cross-flow  filtration  through  a  30  kb  cut¬ 
off  filter.  The  antibody  was  purified  by  protein  A  affinity  chromatography  and 
antibody  fractions  pooled  and  dialysed  against  phosphate-buffered  saline.  The 
concentration  was  determined  by  measuring  the  A2gg  and  checked  by  SDS-PAGE. 
43  mg  of  the  HuVHTA-YGD  antibody  and  20  mg  of  me  chimeric  antibody  has  been 
sent  to  USAMRUD. 

3.1.12  Experiments  at  USAMRIID 

In  in  vitro  virus  neutralisation  experiments  performed  at  USAMRIID  the  2nd 
generation  HuVHTA-YGD  antibody  was  equivalent  to  the  first  reshaped  antibody. 
The  original  murine  antibody  was  effective  to  approximately  10-fold  lower 
concentration  than  the  reshaped  versions  and  neutralised  more  completely  at  high 
concentrations.  In  some  experiments  the  reshaped  antibody  showed  a  greater 
requirement  for  complement.  The  ELISA  results  obtained  at  Scotgen  were 
confirmed  in  that  the  HuVHTA-YGD  gave  higher  readings  than  the  first  reshaped 
and  the  murine  antibodies.  In  a  competition  ELISA  the  murine  antibody  competed 
effectively  against  the  reshaped  antibody,  but  in  a  reciprocal  experiment  the 
reshaped  showed  incomplete  blocking.  The  reshaped  antibody  was  blocked  only  by 
mouse  antibodies  of  similar  specificity  or  by  polyclonal  anti-junin  antibody, 
indicating  specificity  of  binding.  The  reshaped  antibodies  demonstrated  virus- 
specific  complement-dependent  cytolytic  activity,  but  required  higher 
concentrations  than  the  murine  antibody  (personal  communication,  A  Schmaljohn). 

M _ ANTLVACC1MIA  ANHPOPY 

3.2,1  .  Statu^  at  contract,  mid-term 

At  the  mid-term  point  of  the  contract,  the  VH  and  VK  genes  for  the  anti-vaccinia 
antibody  (VVI)  had  been  cloned  and  the  sequencing  of  these  was  in  progress.  After 
verification  of  the  cell  line,  VVI10F5-4-1,  by  antibody  isotyping  and  anti-vaccinia 
ELISA  of  conditioned  medium,  RNA  was  prepared  and  cDNA  synthesised.  The  VH 
and  VK  genes  were  amplified  by  PCR  and  cloned  into  M13mpl8  and  M13mpl9  for 
DNA  sequence  determination. 

3-2.2  SsflM^to&  et.V¥l  YH 

The  WI  VH  gene  was  found  to  contain  two  internal  Pstl  sites  in  addition  to  the 
one  introduced  at  the  5*  end  of  the  gene  by  the  oligonucleotide  used  for 
amplification.  Therefore  the  DNA  was  cloned  into  M13  as  both  Pstl  fragments  and 
Pstl  to  BstEll  fragments.  The  sequence  of  the  WI  VH  gene  was  completed  with 
the  Pstl-BstEll  fragment,  which  was  cloned  into  both  M13mpl8  and  M13mpl9  to 
allow  sequencing  in  both  directions.  The  sequencing  strategy  is  shown  in  figure  9. 
Confirmatory  sequence  information  was  obtained  from  a  second  cDNA  synthesis 
and  PCR  amplification.  From  over  2000  base  pairs  sequenced,  there  were  just  two 
single  base  changes  in  two  separate  clones,  at  positions  138  and  257.  These 
changes  were  thus  aberrations  of  the  PCR  process. 

The  WI  VH  DNA  sequence  and  its  protein  product  are  shown  in  figure  10  with  the 
complementarity  determining  regions  (CDRs)  outlined.  The  first  eight  and  the  last 
eleven  amino  acids  are  determined  by  the  oligonucleotide  primers  used  and  are  not 
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necessarily  those  in  the  mouse  antibody.  WI  VH  is  most  closely  related  to  Kabat 
subgroup  IIB  (12).  The  alignment  of  Wl  VH  with  the  consensus  sequence  of 
subgroup  IIB  shows  that  the  framework  regions  are  a  good  match  (figure  11).  Of 
the  four  residues  that  differ  only  one,  namely  alanine  rather  than  valine  at. Kabat 
position  12,  is  unusual  and  this  change  is  far  removed  from  the  first  CDR. 
Residue  number  71  is  considered  to  be  important  in  supporting  the  conformation  of 
the  CDR  (13).  As  this  is  alanine  in  WI  VH,  rather  than  the  valine  which  is  normal 
for  the  subgroup,  it  was  decided  to  alter  this  residue  to  alanine  in  the  human 
framework  during  reshaping. 

3.2.3  Sequence  of  Wl  VK 

Amplified  WI  VK  DNA  was  cloned  into  M13mpl9  as  Pvull  to  Belli  fragments  for 
sequencing.  DNA  from  a  second  cDNA  synthesis  and  PCR  amplification  was 
cloned  into  M13mpl8  to  obtain  confirmatory  sequence  from  the  opposite  strand. 
The  sequencing  strategy  is  shown  in  figure  12.  The  sequence  determined  from  the 
second  cloning  was  identical  to  that  from  the  first,  apart  from  the  duplication  of  5 
nucleotides  at  the  3'  end  of  the  gene  within  the  region  of  the  VK1FOR  primer. 
This  was  probably  due  to  the  primer  slipping  during  PCR  amplification. 

Figure  13  shows  the  DNA  sequence  and  the  protein  product  with  the  CDRs 
outlined.  The  first  eight  and  last  seven  amino  acids  are  dictated  by  the  primers 
used.  The  sequence  of  Wl  VK  is  most  closely  related  to  Kabat  subgroup  VI  (12). 
Figure  14  shows  the  alignment  of  WI  VK  with  the  consensus  sequence  for  subgroup 
VI.  The  framework  regions  of  WI  VK  differ  from  the  consensus  only  at  Kabat 
position  100,  which  is  serine  rather  than  alanine.  This  change  is  also  found  in  two 
other  members  of  the  subgroup.  No  alterations  to  the  standard  framework  were 
proposed  for  the  reshaped  WI  VK. 

3.2.4  Transplanting  CDRs  Into  human  frameworks 

The  human  frameworks  used  for  WI  VH  and  VK  are  derived  from  NEWM  and  REI 
respectively.  Synthetic  oligonucleotides  were  made  which  consisted  of  the  WI 
CDR  sequences  with  12  residues  from  the  appropriate  human  framework  sequence 
added  at  either  end.  The  WI  CDR  sequences  were  transferred  by  oligonucleotide- 
directed  mutagenesis  of  the  human  VH  and  VK  genes  in  Ml  3  (VHPCR1  and 
VKPCR2  respectively)  or  by  PCR.  The  sequences  of  the  reshaped  WI  VH  and  VK 
genes,  with  the  mutagenic  oligonucleotides  underlined,  are  shown  in  figures  15  and 
16.  For  WI  VH,  the  oligonucleotide  for  CDR1  has  been  extended  at  the  5'  end  to 
include  the  change  from  serine,  which  is  a  very  unusual  residue  in  NEWM,  to 
tyrosine  at  Kabat  position  27.  The  oligonucleotide  for  CDR2  has  been  extended  at 
the  3'  end  to  encompass  the  change  at  Kabat  position  71  from  valine  to  the 
alanine  found  in  the  original  WI  VH. 

On  completion  of  the  mutagenesis,  the  reshaped  WIHuVH  and  VVIHuVK  genes  were 
completely  sequenced  to  ensure  that  no  spurious  changes  had  occurred. 

3.2,3  Cloning  of  reshaped  WI  VH  and  VK  Into  expression  vectors 

The  reshaped  WIHuVH  was  cloned  into  the  vector  pSVgpt  as  a  Hindlll  to  BamHI 
fragment.  The  human  IgGl  constant  region  was  added  separately  as  a  BamHI 
fragment  (figure  1).  In  the  same  way  the  reshaped  VVIHuVK  gene  was  cloned  into 
the  vector  pSVhvg  (figure  2).  In  this  plasmid  the  hygromycin  (hvg)  resistance  gene 
is  substituted  for  the  gpi  gene  and  the  human  kappa  constant  region  is  already 
included. 
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3.2.6  Transfections  into  myeloma  cells  and  selection  of  antibody  producing  cell 
lines 

The  WIHuVH  expression  plasmid  (pSVgptVVIHuVH.HuIgGl)  and  a  2-fold  excess  of 
the  WIHuVK  expression  plasmid  (pSVhygWIHuVKJiuCK)  were  cut  with  Pvul  to 
linearise  and  cotransfected  into  approximately  107  YB2/0  rat  myeloma  cells  by 
electroporation.  24  to  48  hours  later  the  cells  were  distributed  into  24  well  plates 
in  medium  containing  xanthine  and  mycophenolic  acid  and  incubated  for  a  further 
14  days.  In  the  first  transfection  experiment  only  3/24  wells  contained  colonies. 
Medium  from  these  tested  positive  in  an  ELISA  for  human  IgG  and  in  a  preliminary 
assay  showed  binding  to  inactivated  vaccinia  virus.  A  repeat  of  the  transfection 
experiment  resulted  in  24/24  wells  containing  antibody  producing  cell  clones. 

3.2.7  Purification  of  antibody 

6  transfectants  were  expanded  and  reshaped  antibody  was  purified  from  500  ml  of 
conditioned  medium  by  protein  A  affinity  chromatography.  Murine  antibody  was 
similarly  prepared  from  the  original  mouse  hybridoma,  VVI-10F5-4-1.  The  antibody 
concentrations  were  determined  by  measuring  the  A-2&Q  anc*  checked  by  SDS-PAGE. 

2 A8  ELBA  binding  to  vaccinia  virus 

The  purified  antibodies  were  tested  by  ELISA  for  binding  to  inactivated  vaccinia 
virus.  Although  the  initial  experiment  showed  little  difference  between  them, 
repeated  determinations  indicated  that  binding  by  the  reshaped  antibody  is  reduced 
approximately  10-fold  compared  to  the  original  murine  antibody  (figure  17). 

3.2.9  Antlbp(ly.t»n)petltion  assay 

A  competition  ELISA  was  set  up  in  which  biotinylated  murine  antibody  was  the 
first  antibody  and  was  competed  by  increasing  amounts  of  either  the  murine 
antibody  itself,  the  reshaped  antibody  or  an  irrelevant  control  antibody.  Figure  18 
shows  that  there  was  only  slight  competition  by  the  reshaped  compared  to  the 
murine  antibody,  but  that  there  was  no  competition  at  all  by  the  control  antibody. 
Therefore  the  reshaped  antibody  is  binding  to  the  same  epitope  as  the  original 
murine  antibody,  but  the  reduced  affinity  is  confirmed. 

3.2.10  Immunoblotting 

Western  blots  of  non-reduced  vaccinia  antigen  preparation  and  reshaped  and  murine 
antibodies  are  shown  in  figure  19.  Samples  of  the  WI  antibodies  were  also  loaded 
onto  the  gel  as  controls.  Detection  was  by  biotin-conjugated  anti-mouse  or  anti¬ 
human  IgG  followed  by  avidin-alkaline  phosphatase.  Colour  was  developed  with 
bromochloroindolyl  phosphate/nitro  blue  tetrazoiium  substrate.  A  vaccinia  band  of 
approximately  26  kD  was  detected  by  the  murine  antibody  as  expected.  The 
control  antibody  samples  on  the  gel  were  detected  appropriately  by  the  anti-mouse 
and  anti-human  reagents,  indicating  successful  functioning  of  the  reagents  on  the 
membrane.  The  reshaped  antibody  seemed  to  contain  an  excess  of  free  kappa 
chain,  seen  as  a  band  of  approximately  25  kD  in  the  antibody  track  of  panel  A,  but 
no  band  was  seen  in  the  vaccinia  track. 

3AU  Construction  of  chimeric  VH  and  VK  gene* 

The  chimeric  VK  gene  was  constructed  by  inserting  WIMuVK  (from  PCR 
amplification  of  cDNA)  cut  with  Pvull  and  Belli  into  M13VKPCR2  cut  with  Pvull 


12 


and  Bell.  The  latter  site  was  removed  from  the  reshaped  constructs  as  it  causes 
the  inclusion  of  an  unusual  amino  acid  in  the  antibody  chain. 

Because  there  are  two  internal  PstI  sites,  WIMuVH  can  not  simply  be  inserted  into 
M13VHPCR1  in  the  same  way.  Instead  the  construction  of  the  chimeric  heavy 
chain  was  by  "sticky-feet"-directed  mutagenesis  (section  2.9).  An  Ml 3  clone 
containing  the  desired  substitution  was  obtained,  but  was  found  to  have  a  spurious 
deletion  of  a  GC  base  pair  at  the  5'  end.  This  was  corrected  by  a  further 
mutagenesis. 

The  chimeric  variable  regions  were  cloned  into  the  expression  vectors  pSVhyg  and 
pSVgpt  as  for  the  reshaped.  Appropriate  constant  regions  were  added  as  before. 

3.2.12  Production  of  chimeric  antibody 

The  chimeric  WIMuVH  and  WIMuVK  expression  vectors  (pSVgpt WlMuVH.HuIgGl 
and  pSVhvgVVIMuVK.HuCK)  were  cotransfected  into  YB2/0  cells.  Antibody- 
producing  cell  lines  were  selected  by  ELISA  and  expanded.  Chimeric  antibody  was 
purified  from  conditioned  medium  by  protein  A  affinity  chromatography  as  before. 

3.2.13  Analysis  of  binding  of  chimeric  antibody  to  vaccinia  by  ELISA  and 
lmmunoblot 

An  ELISA  of  binding  to  inactivated  vaccinia  by  the  reshaped,  the  chimeric  and  the 
murine  WI  antibodies  is  shown  in  figure  20.  The  chimeric  antibody  showed  slightly 
reduced  binding  compared  to  the  murine  antibody,  but  the  difference  may  be  partly 
due  to  the  different  reporter  antibodies  used.  The  binding  of  the  reshaped 
antibody  was,  as  expected,  less  than  the  chimeric  antibody. 

The  Western  blot  was  repeated  with  the  murine,  chimeric  and  reshaped  antibodies. 
Samples  of  the  antibodies  were  loaded  on  the  gel  as  controls  as  before.  Figure  21 
shows  that  the  murine  and  the  chimeric  antibodies  both  lit  up  a  band  of  26  kD  in 
the  vaccinia  track,  but  no  band  was  seen  with  the  reshaped  antibody. 

3AI».  Mix  and  Match  gntjbpdtes 

Hybrid  chimeric/reshaped  antibodies  were  produced  as  for  the  anti-junin  project,  to 
determine  whether  the  reduced  binding  of  the  reshaped  antibody  was  due  to  the 
heavy  or  the  light  chain  variable  region.  Therefore  the  chimeric  heavy  chain 
(VVIMuVH)  and  the  reshaped  light  chain  (VVIHuVK)  expression  vectors  and  the 
reshaped  heavy  chain  (WIHuVH)  and  chimeric  light  chain  (WIMuVK)  expression 
vectors  were  cotransfected  into  YB2/0  cells.  Antibody-producing  cell  clones  were 
selected  and  expanded  and  "mix  and  match"  antibodies  purified  from  conditioned 
medium  as  before. 

The  antibody  preparations  were  found  to  contain  some  bovine  antibody  (from  the 
serum  in  the  medium)  so  the  concentrations  were  adjusted  from  the  results  of  an 
ELISA  for  human  IgG  before  use.  An  ELISA  of  binding  of  the  chimeric,  reshaped 
and  "mix  and  match"  antibodies  is  shown  in  figure  22.  The  MuVH/HuVK  antibody 
performed  as  well  as  the  chimeric  MuVH/MuVK  antibody,  with  the  HuVH/MuVK 
antibody  falling  between  these  and  the  reshaped  antibody.  In  a  Western  blot  of 
vaccinia  antigen  with  these  antibodies,  only  the  chimeric  and  the  MuVH/HuVK 
antibodies  lit  up  the  expected  26  kD  band  (data  not  shown).  These  results  indicate 
that  the  reduced  binding  of  the  reshaped  WI  antibody  is  mainly  due  to  the 
reshaped  heavy  chain. 
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3.2.15  Large-scale  antibody  production 

15  litres  of  conditioned  medium  from  the  reshaped  WI  antibody  producing  lines 
was  collected  and  the  cells  removed.  This  was  then  concentrated  by  cross-flow 
filtration  through  a  100  kD  filter.  The  antibody  was  purified  by  protein  A  affinity 
chromatography  and  antibody  containing  fractions  pooled  and  dialysed  against  PBS. 
The  concentration  was  determined  by  measuring  the  A^oq  and  checked  by  SDS- 
PAGE  (figure  23).  25  mg  of  the  reshaped  WI  antibody  together  with  a  small 
sample  of  the  chimeric  antibody  has  been  shipped  to  USAMRIID. 

3.2.16  Results  from  USAMRIID 

In  assays  undertaken  at  USAMRIID  the  reshaped  WI  antibody  shows  virus 
neutralising  activity,  but  is  approximately  50-fold  less  effective  than  the  mruine 
progenitor.  In  this  assay  the  chimeric  performs  as  well  as  the  murine  antibody, 
indicating  that  the  human  constant  region  is  not  adversely  affecting  the  results. 
Competiton  ELISAs  confirmed  the  results  obtained  at  Scotgen.  The  reshaped 
antibody  did  not  completely  inhibit  binding  by  labelled  murine  antibody  (personal 
communication,  A  Schmaljohn). 

3.2.17  Development  of  a  "2nd  generation*  reshaped  antibody 

A  comparison  of  the  sequences  of  VH  and  VK  of  the  reshaped  and  murine  WI 
antibodies  is  shown  in  figure  24.  The  results  of  the  "mix  and  match"  antibody 
experiments  indicated  that  the  structure  of  the  reshaped  heavy  chain  variable 
region  was  most  likely  causing  the  reduced  binding  efficiency.  Our  attention  was 
drawn  to  the  double  proline  residue  found  at  positions  40  and  41  in  NEWM,  which 
was  not  present  in  the  original  murine  WI  or  other  mouse  antibodies  of  the  same 
subgroup  (12).  As  proline  residues  cause  sharp  turns  in  protein  chains,  it  was 
decided  to  replace  the  double  pro  with  arg  pro  from  the  murine  WI  antibody. 

The  required  alteration  was  made  to  the  reshaped  WI  VH  in  Ml 3  by  PCR  (section 
2.8)  and  the  new  version  cloned  into  the  expression  vector  as  before.  The 
sequence  of  the  variable  region  was  checked  in  this  plasmid.  This  construct  has 
now  been  cotransfected  with  the  reshaped  VK  plasmid  into  YB2/0  cells.  When 
antibody-producing  cell  clones  are  obtained,  2nd  generation  reshaped  antibody  will 
be  isolated  and  tested  as  before. 

•L _ DISCUSSION 

During  the  second  half  of  this  contract,  the  production  of  reshaped  (CDR -grafted) 
antibodies  from  the  two  murine  monoclonal  antibody-producing  cell  lines  supplied 
by  USAMRIID  was  completed.  Chimeric  antibodies  consisting  of  murine  variable 
regions  linked  to  human  constant  regions  have  also  been  produced.  These  chimeric 
antibodies  generally  bind  as  well  as  their  murine  counterparts  and  are  considered 
to  be  important  controls  for  the  reshaped  antibodies;  potential  artefacts  are 
avoided  by  using  the  same  detection  reagents  in  immunoassays  and  for 
neutralisation  assays  the  same  effector  functions  are  provided  by  the  same 
antibody  constant  regions. 

The  first  reshaped  anti-junin  antibody  made  performed  as  well  as  the  murine 
antibody  in  an  ELISA  using  inactivated  junin  virus.  However,  preliminary  data  on 
virus  neutralisation  indicated  that  the  reshaped  antibody  was  10-fold  less  effective 
than  the  murine  progenitor.  Therefore,  the  chimeric,  "mix  and  match"  and  "2nd 
generation"  reshaped  antibodies  were  constructed.  The  chimeric  antibody,  the  first 
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reshaped  antibody  and  the  murine  antibody  were  ail  equivalent  in  the  ELISA.  The 
"2nd  generation  reshaped"  HuVHTA-YGD  and  hybrid  antibodies  containing  this 
heavy  chain  showed  at  least  4-fold  better  binding  by  ELISA.  These  results  were 
confirmed  at  USAMRIID,  but  in  vitro  virus  neutralisation  assays  showed  no 
difference  between  the  two  reshaped  antibodies,  both  being  about  10-fold  less 
effective  than  the  murine  antibody.  The  neutralisation  results  were  confirmed  by 
a  competition  ELISA,  in  which  the  reshaped  antibody  showed  incomplete  blocking 
of  the  murine  antibody,  although  there  was  evidence  that  specificity  had  been 
retained. 

The  chimeric  WI  antibody  performed  as  well  as  the  original  murine  monoclonal  in 
ELISAs  of  binding  to  inactivated  vaccinia  antigen  and  in  Western  blot  assays  lit  up 
the  same  band  of  approximately  26  kD,  indicating  that  the  correct  antibody  gene 
sequences  had  been  cloned.  The  reshaped  antibody  showed  10-fold  reduced  binding 
by  ELISA  and  no  activity  in  a  Western  blot.  In  virus  neutralisation  assays  done  at 
USAMRIID,  the  reshaped  antibody  does  neutralise,  but  not  as  well  as  the  murine 
progenitor,  reflecting  the  ELISA  results.  In  this  assay  the  chimeric  performs  as 
well  as  the  murine  antibody,  confirming  that  the  reduced  affinity  is  due  to  the 
antibody  variable  region.  Competition  ELISAs,  done  both  at  Scotgen  and  at 
USAMRIID,  showed  that  the  reshaped  antibody  could  not  compete  as  well  as  the 
murine  antibody  with  itself.  The  "mix  and  match"  antibody  experiments  indicated 
that  the  reduction  in  binding  efficiency  was  mainly  due  to  the  reshaped  heavy 
chain. 

It  is  now  becoming  obvious,  both  from  our  own  personal  experience  and  from 
published  papers  from  other  groups  (14,  15,  16,  17,  18)  that  reshaping  or 
humanising  antibodies  by  simple  CDR  grafting  is  not  necessarily  effective.  Certain 
residues  in  the  frameworks  of  the  antibody  variable  regions  are  important  in  the 
determination  of  the  functional  conformation  of  the  CDRs  and  certain  critical 
residues  from  the  original  mouse  antibody  may  need  to  be  substituted  into  the 
human  framework  used.  It  may  also  be  necessary  to  consider  the  alternative 
definition  by  Chothia  and  Lesk  (19)  of  the  CDRs  as  loop  regions  on  the  surface  of 
the  antibody  molecule  compared  to  the  hypervariable  regions  defined  by  Rabat 
(12).  The  knowledge  of  changes  that  are  likely  to  be  important  in  the  restoration 
of  binding  efficiency  is  being  increased  ail  the  time  and  techniques  of  3- 
dimensional  antibody  modelling  are  also  progressing.  However,  all  proposed 
modifications  must  be  tested  in  practice.  Scotgen  have  based  most  of  their 
reshaping  on  one  set  of  human  frameworks,  NEWM  for  the  heavy  chain  and  REI  for 
the  light  chain,  for  which  an  extensive  database  has  already  been  acquired  so  that 
the  minimum  number  of  murine  residues  are  included  in  the  final  reshaped 
antibody.  This  contrasts  with  the  approach  of  others  (15,  16)  where  the  most 
"homologous"  human  frameworks  are  chosen  and  many  murine  residues  transferred 
to  the  reshaped  antibody.  This  raises  the  question  of  how  many  mouse  residues 
can  be  substituted  into  the  human  framework  and  it  remain  a  "human"  antibody? 
Apart  from  providing  a  more  "human"  antibody,  another  advantage  of  Scotgen's 
approach  is  that  an  antibody  based  on  NEWM  and  REI  has  already  been  used  in 
patients  with  no  ill  effect. 

In  some  cases,  alterations  in  framework  residues  cause  dramatic  effects  on  binding 
efficiency,  as  with  an  anti-RSV  antibody  where  residues  FCNS  in  the  heavy  chain 
immediately  before  CDR3  were  substituted  for  YCAR  to  restore  binding  (14). 
However,  Kettleborough  et  al  (17)  tried  a  variety  of  modifications,  most  of  which 
had  only  a  small,  but  cumulative  effect.  In  the  reshaped  YGD  antibody, 
substitution  of  residues  at  positions  70  and  71  with  "TA"  as  in  the  murine  antibody 
(see  figure  5)  resulted  in  an  increase  in  binding  measured  by  ELISA.  This 
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demonstrates  that  it  is  possible  to  achieve  equivalent  binding  to  the  mouse 
antibody  with  a  minimum  number  of  "mouse"  substitutions  in  the  human 
framework.  The  same  principle  should  be  true  for  vaccinia  antibody  such  that  the 
subtle  substitution  at  position  40  should  improve  binding. 

From  the  data  obtained,  it  appears  that  the  binding  efficiency  of  the  reshaped 
anti-vaccinia  antibody  correlates  with  the  extent  of  vaccinia  virus  neutralisation, 
but  in  each  case  is  10  to  50-fold  reduced  compared  to  the  progenitor  mouse 
antibody.  Thus,  post-contract  work  has  concentrated  on  modifications  to  the 
reshaped  heavy  chain  designed  to  improve  the  binding  and  neutralising  activity  of 
the  reshaped  antibody.  For  the  reshaped  anti-junin  antibody  no  such  correlation 
between  binding  and  neutralising  ability  is  apparent,  such  that  the  "2nd  generation" 
HuVHTA-YGD  antibody  exhibits  greater  binding  efficiency  than  the  murine 
antibody,  but  lower  efficiency  of  neutralisation.  While  this  might  reflect  an 
influence  of  the  mouse  versus  human  constant  regions  of  the  two  antibodies,  it  is 
more  likely  to  be  due  to  an  avidity  component  of  binding  to  intact  virus  which  is 
lost  on  reshaping.  Both  the  murine  and  reshaped  antibodies  may  bind  to  the 
disaggregated  junin  virus  antigen  in  the  ELISA  assay  to  a  similar  extent,  but  the 
murine  antibody  may  show  greater  bivalent  association  with  neighbouring  antigen 
molecules  in  intact  virus.  This  could  reflect  differences  in  the  flexibility  of  the 
mouse  IgG2b  versus  human  IgGl  heavy  chain  hinge  region  in  the  respective 
antibodies,  or  alternatively  differences  in  the  orientation  of  antigen-antibody 
binding  between  the  antibodies. 

In  our  experience  the  in  vitro  differences  in  affinity  between  reshaped  and  murine 
antibodies  are  not  indicative  of  altered  in  vivo  properties  and  the  data  from  in 
vivo  studies  at  USAMRIID  is  awaited. 

L _ CONCLUSION? 

id _ Implfcattam 

(1)  It  is  possible  to  produce  reshaped  or  humanised  antibodies  which 
recognise  and  neutralise  viruses. 

(2)  Commonly  a  loss  of  binding  and/or  neutralisation  efficiency  may 
occur  during  reshaping. 

(3)  However,  this  can  be  rectified  by  minimal  modifications  to  the 
human  framework  regions.  Such  modifications  are  too  small  to 
be  likely  to  induce  an  immune  response  in  man  to  these 
antibodies. 

L2 _ Rocomnwndationa 

(1)  Further  subtle  modifications  be  made  to  the  antibody  variable 
regions  to  increase  neutralisation.  Candidate  modifications 
have  already  been  proposed  for  anti-junin  and  anti-vaccinia 
antibodies. 

(2)  This  process  (1)  be  assisted  by  improved  3-dimensional 
modelling  of  reshaped  antibodies. 
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(3)  The  effect  of  the  substitution  of  different  human  constant 
regions  on  virus  neutralisation  by  the  anti-junin  antibody  be 
investigated. 

(4)  The  effectiveness  of  these  antibodies  in  animal  models  be 
investigated. 

(5)  The  successful  reshaping  of  murine  anti-junin  and  anti¬ 
vaccinia  antibodies  demonstrated  here  indicates  that  this 
technology  should  now  be  applied  widely  for  the  humanisation 
of  other  antibodies  against  infectious  diseases. 
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Coaponents  and  organisation  of  ionunoglobulin  heavy  chain  nasmalian  expression 
vector  (not  to  scale). 
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FIGURE  2 

Components  and  organisation  of  immunoglobulin  light  chain  mamnalian 
expression  vector  (not  to  scale). 
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FIGURE  3 

Comparison  of  amino  acid  sequences  of  (a)  YGDVH  with  a  consensus  sequence  of 
mouse  VH  subgroup  lib  and  (b)  YGDVK  with  a  consensus  sequence  of  mouse  VK 
subgroup  V. 
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Alignment  of  amino  acid  sequences  of  murine  and  reshaped  YGD  VH  and  VK. 
CDRs  are  boxed  and  amino  acids  altered  in  the  second  generation  VH  are  arrowed. 
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FIGURE  6 

ELISA  showing  binding  of  chimeric  YGD  and  humanised  YGD  (Hu)  antibodies  to  a 
crude  junin  virus  preparation. 
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FIGURE  7 

ELISA  showing  binding  to  a  crude  junin  virus  preparation  by  murine 
generation  reshaped  YGD  (Hu)  and  2nd  generation  reshaped 
antibodies. 
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ELISA  showing  binding  to  a  crude  junin  virus  preparation  of  murine  YGD 
[MuVH/MuVK),  1st  generation  reshaped  YGD  (HuVH/HuVK),  2nd  generation 
reshaped  YGD  (HuVHTA/HuVK)  and  two  mix  and  match'  YGD  (HuVHTA/MuVK 
and  HuVH/MuVK)  antibodies. 
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FIGURE  9 

Sequencing  strategy  for  M13  WI  VH  clones. 
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FIGURE  10 

W1  VH  DNA  and  protein  sequence.  The  CDRs  are  boxed  and  the  PCR  primers 
underlined. 
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FIGURE  II 

Alignment  of  amino  acid  sequence  of  WI  VH  with  a  consensus  sequence  of  VH  of 
mouse  subgroup  11B. 
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FIGURE  12 


Sequencing  strategy  for  VVI  VK  showing  CDRs. 
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FIGURE  13 

DNA  and  protein  sequence  of  W1  VK.  PCR  primers  are  underlined  and  CDRs  are 
boxed. 
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FIGURE  14 

Alignment  of  amino  acid  sequence  of  Wl  VK  with  a  consensus  sequence  of  mouse 
VK  subgroup  VI. 
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FIGURE  13 

DNA  and  amino  acid  sequence  of  reshaped  W1  HuVH.  Mutagenic  oligonucleotides 
are  underlined  and  CDRs  are  boxed. 
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FIGURE  16 

DNA  and  amino  acid  sequence  of  W1  HuVK.  Mutagenic  oligonucleotides  are 
underlined  and  CDRs  are  boxed. 


COMPETING  ANTI  BODY,  ng/well 


FIGURE  18 

ELISA  showing  competition  of  b  ng  of  biotin-conjugated  murine  VVI  antibody  by 
unlabelled  murine  VVI  (Mu),  resh  d  WI  (Hu)  and  a  control  antibody  (c). 
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FIGURE  19 

A  Western  blot  of  binding  to  non-reduced  vaccinia  antigen  preparation  by 

a.  Reshaped  VVI  (Hu) 

b.  Murine  WI  (Mu) 


FIGURE  21 

Western  blot  of  binding  to  non-reduced  vaccinia  antigen  preparation  by: 
(A)  Reshaped  WI  (Hu),  (B)  Murine  WI  (Mu)  and  (C)  Chimeric  WI  (Chi) 

V  -  vaccinia 

Hu  -  reshaped  WI 

Mu  -  murine  WI 

Chi  -  chimeric  WI 
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FIGURE  22 

ELISA  showing  binding  to  vaccinia  antigen  preparation  of  reshaped  (HuVH.HuVK), 
chimeric  (MuVH.MuVK)  and  mix  and  match  WI  antibodies  (MuVH.HuVK  and 
HuVH.MuVK). 


FIGURE  23 

SDS-PAGE  analysis  of  protein  A  purified  reshaped  WI  antibody.  Lane  1,  2  ug 
control  Ab,  Lane  2,  1  ug  control  Ab,  Lane  3,  0.5  ug  control  Ab,  Lane  4,  2  ug 
reshaped  WI  Ab,  Lane  5,  1  ug  reshaped  WI  Ab,  Lane  6,  0.5  ug  reshaped  WI  Ab. 
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FIGURE  24 

Comparisons  of  the  amino  acid  sequences  of  reshaped  WI  (WIHuVH  and  WIHuVK) 
and  murine  WI  (WIVH  and  WIVK)  antibodies. 


